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Abstract: 
We reviewed the literature on sunlight-induced DNA damage that leads to cancer in humans. Topics covered in 
this review are an introduction to sunlight radiation and examples of photo-induced DNA damage. The studies 
on sunlight radiation are covered in a brief discussion of ultraviolet (UV) and UV wavelengths such as UV-A, 
UV-B and UV-C that are known to induce cancer. The current literature covering a variety of cellular interactions 
with the UV component of sunlight from the point of view of photoactivated processes are discussed. We also 
discuss the chemical products of DNA sunlight induced damage. Based on the literature reviewed, a conclusion 
can be drawn that the UV component of sunlight is the most important epidemiological factor associated with 
an increased risk of human cancer. Sunlight-induced DNA damage also affects tissue homeostasis.  
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Introduction  
Cellular DNA is constantly exposed to sunlight radiation that induces structural damage from internal and 
external sources. Sunlight is a mixture of electromagnetic waves ranging from infrared (IR) to ultraviolet 
(UV) (Figure 1). UV radiation represents 5% of the total solar radiation. UV radiation that reaches the earth's 
surface is divided into: UV-A (320-400 nm) and UV-B (290-320 nm) constituting ∼96% and ∼4% of UV 
radiation, respectively. For many years UV-B was shown to be responsible for the carcinogenic effect 
associated with sunlight overexposure [1]. Recent studies have shown that UV-A may be more carcinogenic 
than previously assumed [2] and capable of penetrating skin more efficiently than UV-B, reaching the basal 
layers where melanocytes and dividing stem cells reside [3]. In vivo assays have shown that UV-A 
wavelengths ranging from 340-400 nm (called UV-A1) and ranging from 315-340 nm (called UV-A2) both 
induced DNA damage in skin [2]. UV-A rays are able to penetrate into the dermal layers of skin where they 
are absorbed by skin chromophores triggering the generation of reactive oxygen species (ROS) in the dermal 
fibroblasts and in extracellular structures [4]. This contributes to oxidative damage ultimately leading to cell 
inflammation, photoageing and photocarcinogenesis [5]. Most of the UV-B radiation of sunlight is absorbed in 
the skin epidermis and the absorbed energy from UV radiation is not only converted into heat but can also 
drive photochemical reactions and photoionization [6]. UV-B radiation is biologically more active than UV-A 
[7,8]. Sunlight radiation with a wavelength below 290 nm is known as UV-C and can be largely absorbed by 
biomolecules but these short UV wavelengths are blocked by the Earth’s atmosphere.  
Because the maximum light absorption by the DNA molecule is observed at 260 nm, UV-C is the most 
effective waveband for the induction of DNA photoproducts [9]. Although UV-C radiation fails to reach the 
ground, the energy of incident UV-A and UV-B photons are high enough to generate DNA damage [10].  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 Spectrum of electromagnetic radiation. The wavelengths of visible light are:  red (650-750 nm), orange 
(585-650 nm), yellow (575-585), green (490-575), blue (420) and violet (380-420 nm). 
 
Material and Methods  
In this review, we have selected articles for inclusion that discuss the damaging effects of sunlight on 
cellular chemistry leading to the appearance of cancer. The review articles chosen focus on sunlight induced 
photochemical reactions with a cell. The literature search was conducted using the following key words: DNA 
damage caused by sunlight and photoproducts of DNA damage. The major criteria to search the scientific 
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literature were research and review articles that discuss UV light-induced DNA damage.  
DNA Damage 
DNA damage can result from alkylating agents essential for a number of biosynthetic processes, hydrolytic deamination, 
free radicals and reactive oxygen species (ROS) formed by various photochemical processes [11,12]. Cellular DNA 
damage can lead to mutations that induce cancer. It is known that UV irradiation can destroy the DNA of bacteria, 
viruses, mold, spores, and fungi. UV induced damage of DNA were reported in a variety of organisms such as bacteria 
[13], cyanobacteria [12], phytoplankton [14], algae [15], and humans cells [16]. When a UV light photon is absorbed by 
a molecule of DNA, the photon's energy can be converted into vibrational energy of the molecular bonds and cause 
significant damage to DNA [17,18].  About 15 types of lesions have been detected in cellular DNA caused by exposure 
to UV light [19]. When DNA is damaged, three main processes occur in cells. Firstly, the cells stop mitosis and become 
senescent [20]. Secondly, the cell may become apoptotic because sufficient DNA damage can trigger an apoptotic 
signaling cascade, forcing the cell into programmed cell death [21]. Thirdly, the cell may become malignant and begin 
uncontrolled division [22]. UV light induces two major photoproducts in DNA, cis–syn cyclobutane pyrimidine dimers 
(CPDs) and pyrimidine (6-4) pyrimidone photoproducts (6-4 PPs) [23]. UV irradiation increased the formation of 
8-oxo-7,8-dihydro-2-deoxyguanosine (8-oxodG) in skin fibroblasts cells [11] (Figure 2). Research has provided 
evidence for the formation of 6-thiopurine that are able to incorporate into DNA and oxidize neighboring bases upon 
UV excitation. The direct absorption of UV-B energy, mainly by the pyrimidine bases such as Cytosine (C) and 
Thymine (T), leads to the formation of pyrimidine dimers. UV-B light can promote the formation of T-C, T-T, C-T, C-C 
dimeric products [24,25]. The induction of pyrimidine dimers by UV light have been described previously by Cadet and 
coworkers [26]. Douki and coworkers [27] measured the yield of formation of CPDs, 8-oxoguanine, and oxdatively 
damaged pyrimidines (oxoPyr) during UV-A irradiation in Chinese hamster ovary cells. The study showed that 
formation of CPDs take place with 0.7% yield. The yield of formation of 8oxoG, oxoPyr and single strand breaks were 
0.2, 0.07 and 0.05% respectively. Sensitized oxidation reactions in cellular DNA can occur via direct energy transfer to 
an oxygen molecule, leading to singlet oxygen (
1
O2) formation and subsequent DNA oxidation [28]. It was 
demonstrated that UV-A irradiation induced oxidative DNA damage in the presence of various endogenous 
photosensitizers [29-31]. 
 
 
 
 
 
 
 
 
Figure 2 Photoproducts of DNA damage. 
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When DNA is damaged, sensor proteins and signal transducer proteins detect DNA damage and transmit signals to 
their appropriate effectors, which initiate cell cycle arrest, DNA repair, or apoptosis [29]. Proteins and DNA become 
damaged and dysfunctional, either by directly absorbing UV radiation or by being damaged through an intermediary 
step, such as reactive oxygen species generated from another UV-absorbing molecule.  Defects in DNA repair underlie 
a number of human genetic diseases that affect a wide variety of body systems. Cellular DNA is continuously exposed 
to chemical reactions with numerous endogenous and exogenous agents. The resulting alterations in DNA can provoke 
cellular dysfunction, such as genetic instability, mutagenesis or cell death. In fact, it has been estimated that an individual 
cell can withstand up to one million DNA changes per day [32].  
Sunlight is also effective in the generation of free radicals called reactive oxygen species (ROS). Free radicals are 
molecules with an incomplete electron shell which make them more chemically reactive than those with complete 
electron shells. In the first step of a ROS-antioxidant interaction, the ROS releases or abstracts an electron, and a second 
radical is formed. The process continues until termination occurs when either the radical is stabilized or it simply decays 
into a product. Incomplete electron shells of ROS make them more chemically reactive than those with complete 
electron shells. In biological systems, ROS are continuously being produced intracellularly by oxidation-reduction 
reactions [33]. At lower concentrations ROS play vital roles during mutagenic activity and in response to pathogen 
attack. However, if ROS are present in higher concentrations it gives rise to oxidative stress. ROS attacks not only DNA 
bases but also the deoxyribosyl backbone of DNA. Endogenous DNA lesions are genotoxic and induce mutations. 
Four genetic disorders of the skin are caused by the inability of cells to remove damage caused by sunlight 
to DNA. These genetic disorders include UV-sensitive syndrome (UV
S
S), Cockayne syndrome (CS), 
xeroderma pigmentosum (XP), and trichothiodystrophy (TTD). They all result from an inability of repair 
mechanisms to operate [34,35]. Cells have evolved a number of mechanisms to detect and repair the various 
types of damage that can occur to DNA. To repair DNA, multiple steps are required including initial damage 
recognition, intracellular signaling and the recruitment of repair factors. For the latter step, so called loading 
platforms are considered to play a central role by locally concentrating and coordinating repair factors at sites 
of DNA damage [36]. One of the most important repair systems is nucleotide excision repair (NER), which is 
able to remove a wide range of lesions from DNA, including those formed by solar UV light, environmental 
mutagens and certain chemotherapeutic agents and function in protecting humans against cancer. Another 
repair process is named base excision repair (BER) which is handling the repair of spontaneous DNA damage 
caused by free radicals and other reactive species generated by metabolism. Bases can become oxidized, 
alkylated, or hydrolyzed through interactions with these agents. If DNA is exposed to optical radiation 
between about 330 and 600 nm, the active enzyme separates and a repaired DNA segment results. The 
defective region is excised under enzymatic control and then is subsequently replaced with normal nucleotides 
utilizing the complementary base-pairing information in the intact strand. Briefly, photoreactivation is a repair 
process that begins with a photoreactivating enzyme binding to UV-induced pyrimidine dimers in the dark. 
Another example of repair process is post-replication repair [37]. Another form of DNA damage is 
double-strand breaks, which are caused by ionizing radiation. Double-strand breaks are repaired through an 
enzyme called DNA ligase IV or the homologous chromosome itself used as a template for repair [38]. DNA 
photolyases are highly efficient light-driven DNA repair enzymes which revert the genome-damaging effects 
caused by UV radiation [39]. Cellular DNA repair mechanisms reduce mutations that may lead to cancer.  
Several different types of chemical processes induced by sunlight can results to DNA damage. Table 1 lists 
reaction types that may occur in cells during sunlight exposure.  
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Table 1 Types of sunlight-induced chemical reactions that cause DNA damage. 
Reaction Descriptions References 
Alkylation Transfer of an alkyl group such as a methyl or ethyl to a DNA base. [40-44] 
Oxidation An oxygen atom binds to a carbon atom in the DNA base. [45-48] 
Deamination
1
 Loss of an amine group [49-50] 
Depirimidinations
1
 Loss of the pyrimidine bases (cytosine and thymine) [51-52] 
 
Depurinations
1
 Loss of the purine bases (guanine and adenine)  [53] 
1
 types of  hydrolysis in which
 
the chemical bond is cleaved by water. 
 
In addition, a number of endogenous DNA damage pathways such as propano-, etheno- and 
malondialdehyde-derived DNA adducts, estrogen-DNA adducts, base propenals, alkylated bases, deamination 
of each of  adenine, cytosine and guanine  has been identified [54].  
Also, some chemicals which bind to molecular lesions in DNA may intensify the influence of UV light 
increasing the carcinogenic potential in the human cells by photoactivation. Species which can form 
photoactive adducts with DNA lesions include aflatoxin, N-acetoxy-N-acteyl aminofluorene [55], 
benzo(a)pyrene [56],  cis-platinium [57] and photoactivated psoralens [58]. Unbonded bases can interact 
with DNA bases on the same DNA strand to create new bonds and forms dimers, that can multiply types of 
molecular carcinogenesis. Drugs that act as photosensitizers can lead to DNA damage due to the production 
of excited states and or free radicals [59,60].  
Conclusion 
DNA is subject to spontaneous instability and damage. In addition to spontaneous damage, cellular DNA is 
under constant attack from exposure to photogenerated and other reactive chemicals that the cell itself 
generates as by-products of metabolism. Moreover, the integrity of cellular DNA is assaulted by such 
environmental threats as X rays, ultraviolet radiation from the sun, and many chemical agents, some of which 
are products of our industrialized society. 
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